Physiological demands of elite soccer refereeing: needs analysis and applications to training and monitoring by Weston, Matthew
  
 
PHYSIOLOGICAL DEMANDS OF ELITE 
SOCCER REFEREEING: NEEDS ANALYSIS 
AND APPLICATIONS TO TRAINING AND 
MONITORING 
 
 
MATTHEW WESTON 
 
 
A thesis submitted in partial fulfilment of the requirements of the 
University of Teesside for the degree of Doctor of Philosophy 
 
 
September 2009 
 
 
 
 
 
 
 
 
TABLE OF CONTENTS                                                                                   
 
Abstract .................................................................................................................. i 
Acknowledgments ................................................................................................ ii 
Chapter 1: Preface to the PhD via completed work 
1.1 Introduction to the field of study .............................................................. 1 
Chapter 2: Training Performance 
2.1 The impact of specific high-intensity training sessions on football 
referees’ fitness levels................................................................................... 12 
Chapter 3: Match Demands 
3.1 The effect of match standard and referee experience upon the objective 
and subjective match workload of English Premier League referees ........... 21 
3.2 Analysis of physical match performance in English Premier League 
soccer referees with particular reference to first half and player work rates 
 ...................................................................................................................... 29 
Chapter 4: Ageing and Performance 
4.1 Age-related effects on fitness performance in elite-level soccer referees
 ...................................................................................................................... 38 
4.2 Ageing and physical match performance in English Premier League 
soccer referees .............................................................................................. 45 
Chapter 5: Fitness and Match Performance 
5.1 Relationship between field tests and physical match performance in elite 
soccer referees .............................................................................................. 51 
Chapter 6: Summary and Implications for future research .......................... 60 
APPENDIX ......................................................................................................... 99 
 
 
i 
 
ABSTRACT 
 
The following thesis investigates contemporary issues within the 
applied physiology of soccer refereeing. 1) Training performance. 
The impact of a high intensity training regime was examined in a 
group of elite-level soccer referees. Following a 16-month training 
period the referees’ performance on the YoYo Intermittent Recovery 
Test (level 1) improved by 46.5%. 2) Match Demands. The effect of 
match standard and referee experience upon the objective and 
subjective match loads of referees was investigated. Match heart rates 
(HR) and ratings of perceived exertion (RPE) were both related to 
standard of competition, with the match loads being higher on the 
higher standard of competition. Referee experience had no effect 
upon the referees’ match responses. Using a semi-automatic, video 
match analysis system the referees’ match activities and factors 
affecting these activities were also examined. Physical performances 
were related in part to the physical performances of the players; 
whilst the distances covered during the first half were related to 
second half coverage. 3) Ageing and performance. The effect of 
ageing upon referees’ fitness levels and physical match performances 
was addressed. Regression analysis revealed a trend towards an age-
related reduction in physical fitness, as determined by the referees’ 
fitness tests. Match activity analysis demonstrated a clear age-related 
decline in physical match performance, although this decline did not 
impair the referees’ ability to keep up with play. 4) Fitness and match 
performance. The validity of the FIFA referees’ fitness tests was 
examined. Interval test HR load was significantly correlated to the 
referees’ match coverage, both total distance and high intensity 
running. Sprint test scores also demonstrated a significant 
relationship with the referees’ match sprinting distances. However, 
given the strength of the relationships only the sprint test showed 
appropriate construct validity for the physical assessment of soccer 
referees. 
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1.0 Preface to the PhD via completed work 
 
1.1 Introduction to the field of study 
 
The scientific papers presented in this thesis focus upon the physical 
performances of soccer referees, during competitive matches and also during 
training. Soccer (or association football) is the most popular sport in the world 
(Bangsbo, 1994) with each soccer match being controlled by a referee (Stølen, 
Chamari, Castagna & Wisløff, 2005). Soccer referees are charged with the 
responsibility for implementing the rules of the game and guaranteeing that 
players abide by its regulations (Reilly & Gregson, 2006). At elite-level, referees 
have been demonstrated to make 137 (range 104-162) observable decisions per 
match, which given an effective playing time of 51 min, results in a top-class 
referee making 3-4 decisions per minute (Helsen & Bultynck, 2004). 
Consequently, the soccer referee is required to keep up with play at all times and 
ensure optimal viewing positions in order to make the correct judgements. 
 
Early research into the match activity profiles of soccer referees demonstrated 
that officiating at elite-level places high physiological demands on the referee. In 
a study examining referees’ work rate and heart rates during association football 
matches in England, Catterall, Reilly, Atkinson & Coldwells (1993) reported a 
mean (range) distance covered by the referees during a 90-min match of 9348m 
(7977 – 10187m). This distance was consistent with the 9408 ± 838m reported 
for Australian soccer referees (Johnston & McNaughton, 1994). More recently, 
results obtained from Krustrup & Bangsbo (2001) and D’Ottavio & Castagna 
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(2001) have demonstrated an increase in referees’ match work rate over the past 
decade. Krustrup & Bangsbo (2001) reported a mean (range) match distance 
coverage of 10070m (9200 – 11490m) with standing and walking accounting for 
63.2% of total match time, low-intensity running 30.2% and high-intensity 
running accounting for the remainder 6.6%.  In terms of actual distances covered, 
D’Ottavio & Castagna (2001) reported a mean distance over the course of an 
average 95-min match of 11376 ± 1604m, with walking constituting 889 ± 94m, 
4174 ± 616m of low-intensity running (<13km.h-1), 2585 ± 489m of medium-
intensity running (13.1 - 18.0km.h-1) and a total of 1556 ± 493m of high-intensity 
running (18.1 - 24km.h-1).  Running at maximal speeds (>24km.h-1) accounted 
for 608 ± 366m and non-orthodox directional modes, i.e., sideways and 
backwards running, for 181 ± 117m and 1315 ± 569m, respectively.   
 
Heart rate recordings have also demonstrated that soccer refereeing at an elite-
level places a high physiological demand upon referees (Johnston & 
McNaughton, 1994). Catterall et al. (1993) reported a mean heart rate for all 
referees over the course of 13 matches of 165 ± 8 b.min-1, which corresponded to 
95% of the referees’ age-predicted maximal heart rate (HRmax). Johnston & 
McNaughton (1994) and D’Ottavio & Castagna (2001), also using an age-
predicted HRmax, reported similarly high match heart rates.  
 
However, the age-predicted formula (220 minus age) for HRmax used within the 
study’s methodology has been reported to overestimate HRmax in men and 
women less than 40 years and underestimate HRmax for those older than 40 years 
(Gellish et al., 2007). Consequently, lower mean match heart rates of 85%HRmax 
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(74-91%) were reported by Krustrup & Bangsbo (2001) for Danish referees 
whose HRmax was determined directly by a progressive treadmill test protocol. 
Helsen & Bultynck (2004) also reported elite-level referees’ mean match heart 
rates to be 85 ± 5%HRmax, with HRmax being taken as the peak 5-s value recorded 
on either a laboratory test, training session or match. 
 
Further examinations into the physiology of soccer refereeing have been 
provided through oxygen uptake and blood lactate assessments, which provide an 
indication of the aerobic and anaerobic involvement during matches. Krustrup & 
Bangsbo (2001) estimated, through the use of a laboratory measured heart rate-
VO2 relationship, that the aerobic involvement during competitive Danish soccer 
matches was 81% (73 – 88%) of the referees’ VO2max. To obtain a more direct 
measure of the aerobic involvement of soccer refereeing D’Ottavio & Castagna 
(2002) measured elite Italian soccer referees’ match VO2 responses using a 
lightweight, portable gas analyser. The data were collected on non-competitive 
matches over the duration of one half only (45 min). The authors reported that 
the referees attained on average 68% of their individual VO2max. Given that the 
Italian referees covered the same distances and recorded the same heart rates as 
on competitive matches, Castagna, Abt & D’Ottavio (2007) accounted this 
difference in results to the different methodologies employed to assess VO2 as 
the use of the treadmill heart rate-VO2 may overestimate the actual match VO2. 
 
Blood lactate measurements can provide a gross indication of the involvement of 
anaerobic glycogenolysis (Castagna et al., 2007) and Krustrup & Bangsbo (2001) 
reported concentrations of 4.8 (2.0 – 9.8 mmol/L) and 5.1mmol/L (2.3 – 14.0 
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mmol/L) at the end of the first and second halves, respectively for elite Danish 
soccer referees on competitive matches. D’Ottavio & Castagna (2002) reported 
values in the region of 7mmol/L for soccer referees officiating on non-
competitive matches. However, in both studies large intra- and inter-individual 
differences were observed and it is important to note that lactate measures during 
actual match play are influenced largely by the activity pattern in the 5-min 
period that precedes the blood sampling (Stølen et al., 2005). 
 
Sports science is a multi-disciplinary field concerned with the understanding and 
enhancement of human sporting performance; a scientific process used to guide 
the practice of sport with the ultimate aim of improving sports performance 
(Bishop, 2008). The physiology discipline of the sports sciences involves fitness 
testing, training prescription (and monitoring), match analysis and athlete / coach 
education. However, for the scientist to be truly effective they must first develop 
both theoretical and practical knowledge of their sport.  
 
Sport and exercise scientists engaged in soccer are interested in a multitude of 
factors that determine the performance of a player as well as the related 
underlying phenomena that explain how each factor influences that performance 
(Drust, Atkinson & Reilly, 2007). However, within the scientific literature there 
appear to be many articles that have arisen from convenient access to a data set 
rather than being driven by a problem to be solved (Bishop, 2008). Consequently 
the scope of each of the six studies presented in this thesis was to move beyond 
this by investigating real-world problems with regards to the applied physiology 
of soccer refereeing and in turn produce practically relevant applied research that 
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examined some of the key issues and problems that arose from day-to-day work 
with elite-level referees. For example, what are the physiological demands of 
soccer refereeing at the elite-level in England, what factors influence these 
demands and what is the trainability of an ‘older’ population utilising modern 
training techniques?  
 
In order to build practice from evidence and theory it is important to not start 
with the theory and look for problems on which to test them, but to start with 
problems and look for theories to help solve them (Green, 2006). Therefore, 
utilising such an approach the intended outcome of this programme of work was 
to produce practice-based research findings that are usable and relevant with 
regards to the physical performance of soccer referees. Ultimately this process 
may help direct a more evidence-based framework for the application of sports 
science; making the practice more theory-based. 
 
Seiler & Kjerland (2006) reported that experimental studies are extremely 
difficult to perform on high-level athletes because neither the athletes nor their 
coaches wish to suddenly alter methods they have developed over perhaps years 
of coaching; a common issue reported by studies where the subjects have been 
elite-level athletes. Therefore, the research models contained within this thesis lie 
mostly towards the applied end of the basic-applied research continuum 
presented by Atkinson & Nevill (2001) and expanded upon by Drust et al. 
(2007). Specifically, the studies examined factors affecting the referees’ physical 
performances in realistic situations (performance tests and matches) and 
evaluated if one variable (e.g., age, experience, fitness, standard of competition 
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etc.) made a difference to another during competitive matches and fitness tests. 
Given that real-life refereeing situations were under investigation the studies 
would possess high levels of ecological validity.  
 
Traditionally soccer referees’ fitness training was centred on long, steady state 
aerobic exercises (Krustrup & Bangsbo, 2001) with very little sprinting and high-
intensity running. Whilst such exercises may have developed an appropriate level 
of fitness required to pass the annual referee fitness test they may not have 
prepared the referees in a manner specific to the demands of their games. 
Therefore, with the advent of full-time sports science support to the referees, 
more modern training methods were introduced into the referees’ routines. 
Therefore, STUDY I examined the heart rate responses during specific intensive 
intermittent training sessions, whilst also examining the impact of such training 
methods upon the referees’ fitness levels. 
 
Unlike full-time soccer players, the English Premier League referees only have 
group training sessions every other week. Therefore, the referees’ training 
sessions have to be monitored from afar and since 2001 all of the referees have 
their objective (heart rate) and subjective (ratings of perceived exertion; RPE) 
ratings of exercise intensity monitored on all training sessions and matches. This 
permits the intensity of all sessions to be evaluated in a remote way. The referees 
record their RPE score, using Borg’s CR10 scale (Borg, Hassmen & Lagerstrom, 
1987), 30 min after the session ends in order to obtain a global intensity rating 
for the entire session (Foster, 1998). Therefore, a particularly easy or difficult 
bout of exercise towards the end would not dominate the rating. This scale has 
7 
 
been reported to correlate significantly with objective indices of exercise training 
such as heart rate and blood lactate (Foster et al., 2001). Heart rate was recorded 
every 5-s via a short-range telemetry system (Polar S610, Kemple, Finland). 
 
The collection of heart rate and RPE data on competitive matches during the 
2002/2003 English soccer season (STUDY II) utilising a controlled research 
design enabled a greater understanding of the physical demands of elite-level 
soccer refereeing and also the effect of match standard as data were not only 
collected on Premier League matches but also on Football League matches, a 
lower standard of competition. 
 
From 2003 onwards the referees’ match activity profiles have been collected at 
selected Premier and Football League grounds. This data is collected using the 
Prozone® system which uses eight cameras to record the positional data of every 
player and official, every 1/10th of a second during a match. Recent findings have 
demonstrated that the Prozone® match-analysis system provides valid and 
reliable analyses of movement patterns of footballers during matchplay (Di 
Salvo, Collins, McNeill & Cardinale, 2006; DiSalvo, Gregson, Atkinson, Tordoff 
& Drust, 2009). With the collection of the referees’ match activity profiles it was 
possible to examine in more detail their physical match performances and some 
of the factors impacting upon these performances as it was clear from previous 
studies (Krustrup & Bangsbo, 2001; D’Ottavio & Castagna 2001; Castagna & 
Abt, 2003) that the physical demands imposed upon referees vary significantly 
from match to match. Therefore, STUDY III was performed in an attempt to gain 
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a greater understanding into the physical match performances of elite-level 
English soccer referees.  
 
An important aspect of soccer refereeing is the existing age difference between 
soccer players and soccer referees (Stølen et al., 2005). The referee is required to 
keep up with play at all times despite occupying an age bracket on average 10 to 
15 years older than their playing counterparts (Catterall et al., 1993). However, 
ageing is a multi-factoral process than can potentially have a profound effect 
upon the physiology aspect of human performance (Stamford, 1988). With this in 
mind the effect of age upon fitness levels in elite-level soccer referees was 
examined in STUDY IV, with STUDY V examining the effect of age upon the 
physical match performances and match physiological load of elite-level soccer 
referees. 
 
With regards to referee selection, a greater priority is placed upon fitness levels 
as opposed to physical match performances as national and international soccer 
refereeing associations use the Fédération Internationale de Football Association 
(FIFA) fitness tests as selection criteria for competitions. Nonetheless fitness 
tests need to accurately reflect a referee’s match fitness. Therefore, to determine 
whether the FIFA established referees’ fitness tests actually reflect a referee’s 
match-related physical capacity STUDY VI examined the relationship between 
fitness test performances with physical match performance. 
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6.0  SUMMARY AND IMPLICATIONS FOR FUTURE RESEARCH 
 
In this section the manuscripts that make up the PhD submission have been 
divided into four areas: 1) training performance, 2) match demands, 3) ageing 
and performance and, 4) fitness and match performance. 
 
The data collection for this thesis commenced in late 2001. However, prior to 
this an initial study was designed to examine the physiological demands of 
soccer refereeing in England at the elite-level. Match heart rate and laboratory 
VO2 data were collected during the 2000/2001 English soccer season. These data 
were presented at the 2001 British Association of Sport and Exercise Sciences 
(BASES)1 annual conference. Following laboratory assessments the referees’ 
mean VO2max was 50.9 ± 5.7 ml.kg-1.min-1 with a HRmax of 178 ± 10 b.min-1.  
The mean heart rate response for 24 matches was 153 ± 6.7 b.min-1, the 
equivalent to 86.9 ± 3.8% of HRmax.  The study demonstrated that, through the 
use of the laboratory measured heart rate-VO2 relationship, the referees aerobic 
system was heavily taxed during game play as the estimated mean VO2 for 
matches was 80.5% of VO2max. Estimated energy expenditure during games was 
calculated using the assumption that 1 litre of oxygen consumed is equal to 5 
kcal.  A total of 1702 ± 113 kcal were expended during an average 97-min (inc. 7 
min injury time) match, with 846 ± 107 kcal and 855 ± 119 kcal of energy 
expended in the first and second half, respectively. From this initial study it was 
clear that soccer refereeing involves a high physiological and energetic demand 
and therefore referees should posses a high level of aerobic fitness in order to 
                                                 
1
 Weston, M. & Brewer, J.  (2002)  An investigation into the physiological demands of soccer refereeing. 
Journal of Sports Sciences, 20, 59-60. 
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cope with the match demands. Consequently training programmes should be 
designed with this in mind.  
 
6.1  TRAINING PERFORMANCE IN SOCCER REFEREES 
 
STUDY I 
Weston, M., Helsen, W., MacMahon, C. & Kirkendall, D. (2004) The impact of 
specific high intensity training sessions on football referees' fitness levels.  
American Journal of Sports Medicine, 32, S54-S61. 
 
The purpose of this study was to assess the trainability of soccer referees using a 
training regime of predominantly high-intensity training activities. It was found 
that a structured training programme of twice weekly intensive intermittent 
training sessions significantly improved the fitness levels of soccer referees, as 
determined by a discontinuous incremental, field-based fitness test (YoYo 
Intermittent Recovery test level 1; YYIR1). A unique aspect of this study was 
that the previous study examining the trainability of soccer referees was short-
term in its nature (12 weeks) (Krustrup & Bangsbo, 2001), whereas the present 
study spanned a period of 18 months. Also, training intensity was reported only 
as the prescribed intensity in the Krustrup & Bangsbo study (high-intensity 
running at 90% HRmax); whereas the present study progressed the work of 
Krustrup & Bangsbo (2001) by reporting in-session heart rates. Therefore, for the 
first time the medium-term effects of high-intensity training upon referees’ 
fitness levels were reported with the results demonstrating visibly the impact of 
such training regimes. 
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When training referees it is important not to lose sight of the main goal; 
improving match performance. It is of little use improving fitness levels if it does 
not produce subsequent improvements in match performance.  Unfortunately a 
weakness of our research design was that it was not possible to report on the 
referees’ physical match performances before and after the training intervention, 
as per the work of Krustrup & Bangsbo (2001). Also it was not possible to recruit 
an age-matched control group, which will have decreased the internal validity of 
the study’s findings and the inconsistent scheduling of the tests was another 
limitation; a common problem when working with elite sports performers 
(Atkinson & Nevill, 2001). However, we were confident that the improvements 
in the referees’ YYIR1 performance levels will have had a positive impact upon 
the field of play given that the test is highly correlated with a referees’ physical 
match performance (Krustrup & Bangsbo, 2001). Also the training session 
intensity was consistent with the intensity reported for soccer players and 
referees who improved physical match performance following a short-term, high-
intensity training intervention (Helgerud, Engen, Wisloff & Hoff, 2001; Krustrup 
& Bangsbo, 2001). Therefore, such an improvement in fitness will have helped 
improve the referees’ match performance through an increased ability to perform 
high-intensity running, thus enabling them to better keep up with play and to 
obtain optimal viewing positions in relation to critical match incidents.  
 
Whilst this applied research study suffered from the lack of control that would be 
associated with a more basic piece of research, it did address a real-world issue, 
that is, the impact of up-to-date training methods on referees’ fitness levels. The 
study also provided results of direct relevance to the practitioner; results that 
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helped to inform future practice with regards to training plan design and referee 
education. For example, the actual training session heart rates collected during 
this study demonstrated to the referees for the first time that it was possible to 
attain the same training stimulus during intensive intermittent field-based 
training sessions, when compared to the more ‘traditional’ track-based and road 
running exercises. This occurred despite the field-based sessions being shorter in 
duration and in a sport where only a small number are fortunate to be full-time, 
time/intensity effective training sessions are crucial if a referee is to be able to 
maximise their training output. Also, the improvement in YYIR1 performance 
observed by both groups of referees provided clear evidence as to the impact 
upon fitness levels of more up-to-date training methods and these data have 
consequently helped to educate referees at all levels on the effectiveness of high-
intensity intermittent field-based training sessions.  
 
6.2  MATCH DEMANDS OF ELITE-LEVEL SOCCER REFEREEING 
 
STUDY II 
Weston, M., Bird, S., Helsen, W., Nevill, A. & Castagna, C. (2006) The effect of 
match standard and referee experience upon the objective and subjective match 
workload of English Premier League referees.  Journal of Science and Medicine 
in Sport, 9, 256-262. 
 
Previous research examining the heart rate responses of referees during 
professional English soccer matches had expressed the heart rate recordings as a 
% of HRmax (Catterall, Reilly, Atkinson & Coldwells, 1993). However, in the 
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Catterall et al. study HRmax was estimated using the 220-age formula, a formula 
that overemphasises the age-related reduction in heart rate (Gellish et al., 2007). 
Therefore, a strength of the present study was that the referees’ match heart rates 
were expressed as a % of a laboratory determined maximal heart rate (HRmax). 
Also, up to this point no study had reported referees’ ratings of perceived 
exertion (RPE), a valid measure of exercise intensity, on competitive matches. 
 
This study reinforced earlier work in that soccer refereeing places a high physical 
load on referees, with an average Premier League match heart rate of 83.6% ± 
0.8 HRmax and an average RPE score of 7.8 ± 0.8. It was also found that match 
intensity was related to the standard of competition officiated as the same 
referees recorded lower heart rate and RPE scores when officiating on Football 
League matches (81.5 ± 2.2%HRmax, Effect size = 0.8; RPE 6.9 ± 0.8, Effect size 
= 1.0).  
 
The results presented in Study II are in contrast to those reported by Catterall et 
al. (1993) who, using data collected from Premier, Football and non-Football 
League matches, reported that the mean heart rate was unaffected by the category 
of competition, although higher peak heart rates were recorded during games in 
the top division.  However, heart rate data were only collected from one match 
per referee. When comparing the mean match heart rates of top-class and high-
standard referees Krustrup & Bangsbo (2001) reported no significant differences 
(164 ± 2 vs. 161 ± 3 b.min-1). 
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Therefore, an important aspect of the research design in Study II was that match 
data were collected from the same referees at the two different standards of 
competition, with data collected on each Football League match taking place 
within 14 days of a Premier League match. Unfortunately, it was not possible to 
complete the research design by collecting data from Football League referees on 
Premier League matches. No experience effect on Premier League match heart 
rate and RPE scores was reported in the present study, although the effect size 
for the heart rate comparisons between low and high experience was large for 
both Premier League (0.8) and Football League (0.7). Effect size for RPE 
comparisons was small at both standards of competition (0.1 and 0.2, 
respectively). 
 
The lower heart rates recorded by the low-experience referees may have reflected 
greater fitness levels, given that a faster heart rate recovery is concomitant with 
improved fitness levels. Therefore, it is important that the referees’ match 
intensity scores are placed in context with the referees’ fitness levels to obtain an 
accurate reflection of whether or not the referees met the physical demands of 
their match; although referees, like players, may not utilise full their physical 
capacity during matches. 
 
These results of Study II have practical implications for a referee’s fitness 
preparation and evaluation, in that referee and football governing bodies should 
ensure that appropriate levels of match fitness are developed to enable referees to 
cope with the increase in match demands that accompanies an elevation in 
competition standard. The Professional Game Match Officials Limited 
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(PGMOL), who oversee the training and appointment of all the match officials 
involved in the professional English game, now ensure that such procedures are 
adhered to when they promote their referees to a higher standard of competition. 
Once nominated for promotion the referees undergo a fitness assessment and 
have to attain the minimum standard of the level that they have been promoted to 
– if this is not achieved then the promotion is rescinded. Also, the referees’ 
training heart rates and ratings of perceived exertion are analysed in detail by 
sports scientists to ensure a training programme of sufficient intensity and 
volume that will serve to promote the necessary fitness adaptations. 
 
It was also concluded from the study that given the strength of the relationship 
between match RPE scores and mean match heart rates, match heart rate may be 
considered a valid indicator of global match intensity. However, this finding may 
have been overemphasised given a common variance of only 24% between the 
two variables. Recent literature has demonstrated a much stronger correlation 
between heart rate and RPE during training sessions when compared to 
competitive exercise. For example, Coutts, Rampinini, Marcora, Castagna & 
Impellizzeri (2007) reported that 43.1% of the adjusted variance in RPE could be 
explained by exercise intensity measured by heart rate alone. Whereas, Foster 
(1998) reported individual correlations between session RPE and heart rate load 
ranging from 0.75 to 0.90. Stronger relationships have also been observed 
between the referees’ heart rates and RPE scores during fitness training sessions 
when compared to the relationship observed during competitive matches. 
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Given the strength of the relationship between match heart rate and RPE reported 
in Study II it may be that a dissociation was observed between these two 
variables during competitive matches in that the referees may have been using 
the RPE score as a measure of psychological as opposed to physiological stress 
even though the rating is psychophysiological. For example, just as blood lactate 
measures during soccer are influenced largely by the activity pattern that 
precedes the sampling, it may be that the referees’ RPE ratings could have been 
influenced by the number of critical decisions they awarded during the game, 
such as yellow and red cards and also penalty kicks, even though they were 
instructed to use the rating as a measure of global match intensity. With this in 
mind future data collection may look to include two ratings; one on the technical 
demands of the match and separate rating on the match physical demands. 
 
Whilst there may be limitations of both measures used to examine exercise 
intensity in Study II - with heart rates providing a possible overestimation of 
exercise intensity during competitive exercise and the referees’ RPE scores 
possibly reflecting more a measure of technical demand as opposed to physical 
demand given its relative disassociation with heart rate - the use of these 
measures remains widespread in soccer due to the practicality of data collection 
and the relatively low cost when compared to other measures such as blood 
lactate. 
 
The data collected in this study data formed a conference communication at the 
annual BASES conference2 in 2004. Also, match officials’ heart rates at the 
                                                 
2
 Weston, M., Helsen, W., Bird, S. & Nevill, A.M. (2005)  The effect of match standard on objective and 
subjective match demands of elite soccer referees.  Journal of Sports Sciences, 23, 189. 
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highest standard of soccer competition, the FIFA World Cup, were presented to 
the BASES annual conference3 in 2003 entitled ‘Heart rate responses of referees 
and assistant referees during FIFA 2002 World Cup matches’. However, 
methodological issues with regards to the determination of HRmax make 
comparisons between the different competitions difficult. 
 
The collection of match heart rate and RPE data up to this point had provided an 
indication of the previously unreported physical demands of English soccer 
refereeing. However, research presented at the 2005 BASES annual conference4 
entitled ‘The relationship between heart rate and intensity of match play in soccer 
referees’ showed only low to moderate correlations between heart rate and match 
activities. Specifically, match heart rate load, which was computed by 
multiplying the accumulated duration in each of five different heart rate zones by 
a multiplier (<60%HRmax = 1; 60-75% = 2; 76-85% = 3; 86-93% = 4; >93% = 5) 
and summating the results (Edwards, 1993) demonstrated a moderate correlation 
with the total distance covered during a match (r = 0.370, p > 0.05, n = 18) and 
only a small correlation with the amount of high-intensity running (r = 0.205, p > 
0.05, n = 18).  
 
The monitoring of a referee’s heart rate is much more convenient than it is for 
players as they are not involved in physical contacts and heart rate itself can be a 
useful indicator of circulatory strain (Drust, Atkinson & Reilly, 2007). Up to this 
point the collection of match heart rate data had provided a measure of match 
                                                 
3
 Weston, M., Helsen, W. & DeClerk, R.  (2004)  Heart rate responses of referees and assistant referees 
during FIFA 2002 World Cup matches.  Journal of Sports Sciences, 22 (3), 261. 
4
 Weston, M. & Castagna, C. (2005) The relationship between heart rate and intensity of match play in 
soccer referees.  Journal of Sports Sciences, 23 (11/12), 1302-1303. 
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demands and from a practical perspective examination of heart rates together 
with match RPE data helped to provide valuable information as to whether the 
Premier League referees were meeting the physical demands of their matches. 
However, these results indicated that soccer referees’ match heart rates alone 
may not represent a valid measure of match intensity, as they demonstrated low 
to moderate correlations with match activities. Therefore, caution should be 
taken when evaluating a referee’s intensity of match play using heart rates alone 
and that match heart rates and match physical performance may represent two 
different measures; match heart rates reflect the physiological and psychological 
load placed upon the referees during actual match play, whereas high-intensity 
running represents an external load. Therefore, to fully determine the intensity of 
match play in Premier League soccer referees I suggest that both measures are 
used. 
 
 
STUDY III 
Weston, M., Castagna, C., Impellizzeri, F., Rampinini, E. & Abt, G. (2007) 
Analysis of physical match performance in English Premier League soccer 
referees with particular reference to first half and player work rates.  Journal of 
Science and Medicine in Sport, 10, 390-397. 
 
As part of an applied research model for the sports sciences Bishop (2008) stated 
that once descriptive studies have been performed sports scientists then need to 
produce research that better understands the factors that are likely to affect 
performance. Therefore, with this in mind, and also in light of the findings 
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presented with regards to the relationship between match heart rates with match 
activities, Study III was a clear progression from Study II in that the referees’ 
physical match performances (an external load), and some of the factors that may 
affect these loads, were analysed in detail. Study III reported a mean match total 
distance covered during Premier League matches of 11622 ± 739m a distance 
higher than those reported within the more recent scientific literature (Krustrup 
& Bangsbo, 2001; D’Ottavio & Castagna 2001). The differences in distance 
covered between this study and those described in the literature may have been 
due to differences in the fitness of top-level referees over recent years, as the 
referees involved in Study III were full-time professionals, or possibly 
differences in the technologies used to measure the distances covered.  
 
It has been reported that standing, walking and jogging account for more than 
75% of match activity in soccer referees (Krustrup & Bangsbo, 2001). Therefore, 
the total distance covered during a game is a poor measure of the physical stress 
placed on a referee during a match (Krustrup & Bangsbo, 2001). It is the amount 
of high-intensity exercise that best indicates the demands of the game and in turn 
the development of fatigue (Bangsbo, Nørregaard & Thorsøe, 1991; Mohr, 
Krustrup & Bangsbo, 2003) and is therefore a more sport-specific dependent 
variable (Atkinson & Nevill, 2001). Of the 11622m of total distance covered by 
the English Premier League referees, 787 ± 245m were covered during high-
intensity running (>19.8km.h-1). In comparison, D’Ottavio & Castagna (2001) 
reported a mean high-intensity running (>13.1km.h-1) distance of 1556 ± 493m, 
while Krustrup & Bangsbo (2001) reported 1670m (range 900m – 2390m) of 
match high-intensity running (>15.0km.h-1) for Danish referees. Substantial 
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differences in the methodologies the authors used to classify high-intensity 
running make direct comparisons between the results of Study III and those 
previously reported within the literature not possible. Therefore, given these 
differences in high-intensity running determination it was suggested that it may 
be better to express this variable relative to the referees’ individual maximal 
speed levels, providing that methodological issues regarding the determination of 
maximal speed and appropriate speed zones can be addressed.  
 
Abt & Lovell (2009) recently investigated the individual applicability of the 
high-intensity speed zone threshold used by Prozone® (19.8km.h-1). The authors 
reported that in a group of professional soccer players the second ventilatory 
threshold, a threshold used to delimit moderate and high-intensity zones in the 
prescription of training (Lucia, Hoyos, Perez & Chicarro, 2000), occurred at a 
mean running speed of 15.3 ± 0.7 km.h-1. The difference between the median 
ventilatory speed and the default Prozone® high-intensity classification was 
therefore -4.8km.h-1, which represented a 24% reduction in high-intensity speed 
and ultimately an underestimation of high-intensity running distance during a 
match. However, the authors did report a range of 14-16 km.h-1 for the players’ 
second ventilatory threshold, which demonstrates a variable between-subject 
threshold level. This in turn suggests that an arbitrary speed value for high-
intensity running will not hold true on an individual basis. There are also issues 
with regards to the application of laboratory determined physiological thresholds 
in real-match scenarios. For example, Reilly (1997) reported that around 16% of 
the distance covered by players is in moving backwards, sideways or ‘jockeying’ 
for position and the energy cost of unorthodox modes of motion increases 
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disproportionately with the speed of motion (Reilly & Bowen, 1984). As Green 
(2006) stated ‘artificially controlled research does not fit the realities of practice’ 
and this may well be the case when attempting to translate a laboratory 
determined individual physiological threshold into a match scenario as the 
relationship between energy expenditure and running speed will no doubt 
become non-linear. 
 
As previously mentioned, to fully determine the intensity of match play in 
Premier League soccer referees it is important to use both external and internal 
loads as this is crucial for an understanding of the distances covered and in turn 
how the body physiologically responds to the match load. To accurately 
prescribe training loads and the timing of loads following matches the sports 
scientist / fitness coach needs to be aware of the impact of both these measures 
on the individual. For example, measures of exercise intensity such as heart rate 
are very often expressed as values relative to the individuals HRmax. Therefore, it 
may be that the distances covered in different speed zones during matches are 
expressed as absolute distances covered and also as distances relative to the 
individual’s fitness and/or maximal running speed. Whether the speed zones used 
during systems such as Prozone® are based on an individual physiological 
response to an incremental field-based fitness test or as a percentage of maximal 
speed is an area that requires further investigation. 
 
Ideally the determination of maximal running speed should be made using 
similar data collection procedures as those employed by the match analysis 
system. For example, the Prozone® system measures peak speed as the peak 
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value recorded during 0.5-s samples during pitch running. Therefore, to replicate 
this I advise that maximal running speed be determined on the field of play using 
data collection intervals as close as possible to one every 0.5 seconds and with 
the distance run being far enough to ensure top speed is attained. For example, 
measuring over short distances (<20m) may simply reflect acceleration speed and 
not peak velocity given that Young et al. (2008) reported common variances of 
only 25% and 42% between ‘flying’ velocity times, 20-40m and 20-30m, 
respectively with 10-m time. However, once an accurate maximal speed value is 
obtained then difficulty would lie in the determination of the individual zones. 
Whereas, if the speed zones were to be based on a physiological response, i.e., 
heart rate, blood lactate, to ideally a field-based, game specific protocol as 
opposed to an incremental treadmill protocol it could be possible to use zones 
suggested within the literature. 
 
Catterall et al. (1993) reported from their findings that a referee’s activity was 
acyclical but varied in parallel with the players’ actions. However, no direct 
comparison was made between the players’ work rates and those of the referees. 
Therefore, Study III reported for the first time that English soccer referees’ 
physical match performances were partly related to the overall match intensity, 
as indicated by the amount of high-intensity running performed by the players 
(Mohr et al., 2003). As a result we recommended that when assessing a referee’s 
physical match performance there is a need to first assess the overall match 
intensity to gain an understanding into the pattern of the match and to assess 
whether or not the referee met the physical demands of the match. Consequently 
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all of PGMOL referees’ physical match performances are now examined in 
context of the overall intensity at which the match they officiated was played.  
 
A further investigation into the relationship between referee and player work 
rates during FA Premier League matches has been performed and presented to 
the 2009 BASES annual conference5. The referees covered significantly more 
total distance when compared to the players (11326 ± 732m vs. 10809 ± 386, P 
<0.05). There were no between-group differences for high-intensity running (737 
± 241 vs. 711 ± 99m, P = 0.96). However, the players’ sprint distance was 
greater than that recorded by the referees (268 ±79m vs. 161 ± 114m, P <0.05). 
Correlations were observed between the referees’ and players’ total distance 
(r=0.405, P <0.001, n=186), high-intensity running (r=0.477, P <0.001, n=186) 
and sprinting (r=0.571, P <0.001, n=186).  
 
The differences between volume and intensity of running may primarily reflect 
the role-specific nature of referees and players during matches. Specifically, 
referees have to keep up with play at all times to ensure correct judgments; 
whereas, positional requirements of players impact upon their involvement in the 
game. However, these data may not illustrate the full extent of the work rate 
comparison between the referees and players given the use of the same absolute 
speed zone classifications for high-intensity running and sprinting. Also, as Abt 
& Lovell (2009) reported a possible underestimation of the amount of high-
intensity running during competitive matches performed by players using the 
Prozone® speed thresholds, it is likely that this underestimation will be more 
                                                 
5Weston M., Portas, M., Barnes C., Harley, J. & Bland, M. (2009) A comparison of FA Premier League 
referee and player match work rates.  Journal of Sports Sciences 
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pronounced for the referees, given their age, training status and ultimately fitness 
levels in comparison to professional soccer players. 
 
The relationship between the referees’ work rates with those of the players was 
stronger than previously reported in Study III, especially with regards to 
sprinting. This further reinforces PGMOL practice of evaluating the overall 
intensity of the match prior to examining the referees’ work rate profile to ensure 
that the referees are meeting the physical demands of their matches. 
 
To obtain a more in-depth assessment of the relationship between referees’ work 
rates with those of the players involved in the same game I recommend that a 
more intricate analysis should be performed. For example, Mohr et al. (2003) 
showed the importance of analysing and reporting data with sufficient 
magnification to enable small segments of matches (5-min periods) to be 
compared. Drust et al. (2007) stated that this type of approach would enable the 
intricacies of the work rate pattern and the factors that affect it to be thoroughly 
understood. This way changes in a referees’ work rate pattern across a game can 
be evaluated against changes observed for the players, as opposed to comparing 
global match work rates. Also, given that the players’ match activities are related 
to their playing position (DiSalvo, Gregson, Atkinson, Tordoff & Drust, 2009) a 
comparison of the referees’ work rates with the different playing positions would 
provide a further examination of the relationship between referee and player 
activity profiles. 
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A limitation of the analysis between the referee and player work rates performed 
in Study III was that comparisons between referee and player work rates only 
considered the players who completed the full match. Given that substitutes 
perform more high-intensity running than the other players towards the end of 
the match (Mohr et al., 2003) this methodology may not have accurately 
reflected match intensity across the whole match. Consequently, I propose that 
any future comparisons between referee and player work rates involve the total 
distances covered by each individual player on the field at the time during each 
5-min period. This process will permit the overall match intensity to be evaluated 
as it would include data from substitutes. 
 
A further limitation of this study was that given the strength of our results (r = 
0.43) the physical match performances of the referees were probably influenced 
by other factors not measured within the present study. Therefore, a more 
complex analysis of the relationship between referees’ physical match 
performances in relation to those of the players should be performed, i.e., league 
position of teams involved, styles of play, effect of half-time score line on second 
half match activities. 
 
Stølen, Chamari, Castagna & Wisløff (2005) reported that the analysis of 
between-half distance coverage is of great interest as it can reveal the occurrence 
of fatigue and/or refereeing strategies; both of which would be classified as 
determinants of overall physical match performance.  Through the use of the 
median-split technique it was possible to gain a more in-depth assessment of 
between-half work rates than those previously reported (Johnston & 
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McNaughton, 1994; Krustrup & Bangsbo, 2001; D’Ottavio & Castagna, 2001). 
Using this type of analysis the results demonstrated that a higher amount of total 
distance and high-intensity running completed during the first half resulted in a 
lower total distance and high-intensity running performed by the referees in the 
second half. Whereas, the lower the amount of total distance and high-intensity 
running in the first half, the greater the amount of total distance and high-
intensity running covered in the second half. Whilst statistically significant the 
practical relevance of the changes in total distance (2%) is questionable. 
However, the changes in high-intensity running is of interest as it may indicate 
fatigue on behalf of the referees whose high-intensity running reduced by 11% in 
the second half and pacing strategies from those referees who high-intensity 
running increased by 30% in the second half. This ‘sparing behaviour’ may be 
adopted by the referees to avoid fatigue (Castagna & Abt, 2003) and should of 
concern to the sports scientist as it may reflect a lack of confidence on behalf of 
the referees with regards to their fitness levels. 
 
Alternatively, given the research design employed in this study for examining the 
change in between-half work rates it may be that the results were influenced by 
the ‘regression to the mean’ phenomenon. The regression to the mean is a chance 
finding masquerading as a real one, in that when a sample of subjects is 
investigated in a test-retest fashion it will be extremely likely that the subjects 
who score higher than average values on the initial test will show lower values, 
closer to the sample mean (Atkinson, Waterhouse, Reilly & Edwards, 2001). 
Conversely, subjects who score particularly low values on the initial test will be 
likely to show an increase on the second test, and this increase is purely a 
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statistical artefact (Atkinson et al., 2001). Therefore future analysis should 
correlate any changes with the average match distances.  
 
Ultimately, given that the regression to the mean is a problem where the intra-
individual standard deviation is large relative to the inter-individual standard 
deviation (Shephard, 2003) and that within-subject coefficients of variation of 15 
and 47% were reported in Study III for total distance and high-intensity running, 
respectively, it maybe that future studies analysing match activity data should 
avoid research designs that are susceptible to the regression to the mean. 
Shephard (2003) reported that regression to the mean can be eliminated when 
using a fully controlled experimental design and that if interesting trends are 
suggested by an inspection of the results, these trends are best verified by well-
considered new research. 
 
Match to match variations within a 7-day period demonstrated that referees’ 
high-intensity running was significantly reduced during the second match. These 
findings have real-world implications for the bodies who appoint referees to 
matches as they demonstrate that appropriate planning of a referee’s fixtures is 
required to enable the referees to recover sufficiently and in turn be able to cope 
with the physical demands of all of their matches. Once again the implications 
for the development of appropriate fitness levels are apparent from such findings. 
However, these data were not examined in the context of the overall match 
intensity as determined by the players’ high-intensity running. 
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In Study III a reduced match high-intensity running may have represented fatigue 
on behalf of the referee or merely a slower tempo of game. As previously 
mentioned a more detailed analysis of match activity profiles would enable the 
intricacies of the work rate pattern to be more thoroughly understood. For 
example, Mohr et al. (2003) reported that high-intensity running in players 
during the 5-min period that immediately followed the peak 5-min high-intensity 
running period was below the match 5-min average distance. The authors 
attributed this decrease to temporary fatigue. Mallo, Navarro, Garcia-Aranda & 
Helsen (2008) also reported this phenomenon to occur in elite-standard soccer 
referees, suggesting that referees can be exposed to this kind of temporary 
fatigue at different stages of the match. 
 
Therefore, when attempting to evaluate fatigue in soccer referees during matches 
activity profiles should not only be examined across the match but also 
immediately after the referees’ most intense periods of running. However, when 
undertaking this type of analysis it is recommended that each individual referee 
work rate period is examined alongside the changes in work rate observed for the 
players during that particular period and possibly even the amount of time the 
ball was in play. I recommend that analyses of referees’ physical match 
performances should consistently be performed in-line with the contemporary 
research on match activity patterns in soccer and given that the most important 
aspect of refereeing is the decision-making process (Helsen & Bultynck, 2004) a 
referee’s match activity profile should ultimately be examined in relation to their 
accuracy of decision making, providing a reliable and valid index of 
‘correctness’ can be determined. 
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The analysis of the referees’ between-half work rates was presented at the 6th 
World Congress of Science & Football6, held in Turkey 2007. Also presented 
was an invited lecture entitled ‘Full-time referees; the role of the Sports 
Scientist’. A similar presentation was given at the Association des Chercheurs en 
Activités Physiques et Sportives (ACAPS) conference in Leuven, Belgium, 2007 
to a Union des Associations Européennes de Football (UEFA) sponsored soccer 
referee symposium. 
 
6.3 AGEING AND PHYSICAL PERFORMANCE IN SOCCER 
REFEREES 
 
STUDY IV 
Castagna, C., Abt, G., D’Ottavio, S. & Weston, M. (2005) Age related effects on 
fitness performance in elite-level soccer referees. Journal of Strength and 
Conditioning Research, 19, 785-790. 
 
STUDY V 
Weston, M., Castagna, C., Impellizzeri, F. et al. (2010) Ageing and Physical 
Match Performance in English Premier League Soccer Referees.  Journal of 
Science and Medicine in Sport, 13 (1), 96-100. 
 
Given the age difference that exists between referees and players, and that ageing 
has a negative impact upon fitness levels (Stamford, 1988) the aims of studies IV 
and V were to gain an insight into 1) the implications of increasing age on 
                                                 
6
 Weston, M., Castagna, C., Impellizzeri, F., Rampinini, E. & Abt, G. (2007) Analysis of between-half work 
rates in English Premier League soccer referees.  Journal of Sports Science and Medicine, S10, 210. 
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referees’ fitness levels, and 2) the impact of ageing upon referees’ physical 
match performances during competitive matches. 
 
Study IV reported no significant difference in endurance performance between 
age groups when assessed as distance covered during the referees’ fitness test 
(12-min run), even though regression analysis revealed the existence of a 
significant trend towards an age-related reduction in performance (r=-0.52). The 
absence of any between-group effects may have been a consequence of a reduced 
statistical power resulting from the categorisation of continuous variables 
(Altman and Royston, 2006). When a further analysis was performed in the 
laboratory the young (33.1 ± 1.8 years) referees had higher VO2max levels when 
compared to the older (42.1 ± 1.2 years) referees, although the older referees 
were able to match the young group for running economy at a speed of 10km.h-1.  
 
All referees involved in the study were given a two-month training programme to 
follow in the lead up to testing. The programme consisted of continuous running, 
high-intensity running and sprinting and there were no differences in recorded 
training intensity across the three sub-groups; young, intermediate and old. 
Training intensity was regulated on an individual basis using heart rate 
monitoring; no running speeds were monitored. It has been previously reported 
that soccer referees training during the season used to consist of continuous 
running at intensities ~75%HRmax over 3 – 7km (Krustrup & Bangsbo, 2001). 
This may explain why the older referees, despite lower VO2max values, were 
able to match the young referees with regards to running economy as the training 
programme was only short-term in duration and athletes’ most economical 
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velocities or power outputs tend to be those at which they habitually train (Jones 
& Carter, 2000). It may also account for why the referees involved in the present 
study showed age-related differences in the short (1-35 seconds), predominantly 
anaerobic domain and specifically in the explosive strength and anaerobic 
endurance tests. The practical relevance of such a finding can be seen in the need 
for sports scientists and fitness trainers to include specific anaerobic conditioning 
drills within the training programmes of referees, especially as age progresses. 
 
Whilst a valuable insight into the effect of ageing and physical fitness was 
obtained for soccer referees in Study IV, a major limitation of the study was that 
the relationship between age and physical match performance was not reported. 
Another important issue with regards to ageing and soccer referees is that 
international refereeing governing bodies have an enforced retirement age of 45 
years. However, in some countries this enforced retirement has been successfully 
challenged in a court of law as it is considered to be against the European 
Employment Directive, which prohibits age discrimination in employment. 
Consequently, the aim of Study V was to examine the effect of age upon the 
physical match performances and match physiological loads of English Premier 
League soccer referees.  
 
Study V demonstrated for the first time a clear age-related decline in elite-level 
soccer referees’ physical match performances as the total distance covered, high-
intensity running and the number of sprints performed all decreased as referee 
age increased. This occurred despite there being no between-group differences in 
overall match intensity, as determined by the amount of high-intensity running 
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performed by the players. Therefore, part of the methodology employed in Study 
V was a direct consequence of findings reported in Study III, thus showing how 
earlier work helped to inform future research practice.  
 
The decline in physical match performance may have been related to the age 
associated impairments in physical capacities already reported in soccer referees. 
Furthermore, the fact that the older referees perceived their match demands to be 
higher, despite covering less ground and at the same heart rate, the higher RPE 
might suggest greater fatigue. In this regard the examination of the relationship 
between match heart rates and RPE scores (internal load) with the actual 
distances covered (external load) by the referees was a clear progression from the 
research designs presented in Studies II and III. 
 
Alternatively, given that the literature examining the role of increasing age on 
fitness has examined an age range older than the referees involved in Studies IV 
and V it may be that the age range employed in the current study (31-48 years) 
was not great enough to elicit substantial reductions in aerobic fitness that would 
impair the referees’ match activity profiles. For example, in a study examining 
the age-related changes in marathon and half-marathon performances Leyk et al. 
(2007) reported a main finding that in a sample of trained subjects significant 
age-related losses in endurance performance did not occur before the age of 50 
years. Whilst age associated decrements in physical match performance were 
observed in Study V, no significant relationship was observed between age and 
the referees’ average distance from the ball and, more importantly, from fouls. 
Therefore, despite covering less total distance, high-intensity running and 
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performing fewer sprints the older referees (43-48 years) were able to maintain 
an average distance from fouls that was comparable to that recorded by the 
young referees (31-36 years). As a result, it maybe the effectiveness of the 
referees’ match activities in ensuring the best possible viewing positions that is 
of most relevance, which is more likely to be a component of experience given 
that experience leads to better anticipatory responses (Abernethy, 1987). 
Consequently it is possible that the independent variable examined in Study V 
was one of referee experience as opposed to referee age.  
 
From 2003 to 2008 the maximum age range for the English Premier League 
referees was no greater than 17 years. However, with the abolishment of age 
imposed retirement combined with the promotion of younger referees this range 
has increased to 25 years. Experience is considered a prerequisite to officiate at 
elite-level by national and international refereeing bodies yet the age at which 
referees are now being promoted is reducing. This will no doubt impact upon the 
experience of the referees at elite-level as MacMahon, Helsen, Starkes & Weston 
(2007) reported that actual match performance is a significant activity for skill 
acquisition and refinement. Consequently refereeing governing bodies should 
attempt to address this potential problem via appropriate talent identification 
programmes and the possible establishment of refereeing academies.  
 
The findings reported in Study V should clearly influence the practice of referee 
retirement as these data would appear to suggest that an enforced retirement age 
of 45 years may not be justified by the inability of the referees to keep up with 
the play. Or, it may be that the enforced retirement age of 45 years has become 
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dated with the increased fitness levels previously reported in referees following 
more modern training regimes (Study I) and also the advent of full-time, 
professional soccer referees. Therefore I recommend that a referee’s retirement 
should be undertaken considering ability to officiate alongside physical 
performance during fitness tests and training sessions and also match activity 
profiles; a practice now employed by the PGMOL. For example, when a match 
official applies for an extension beyond the previous retirement age a detailed 
report on each referee is prepared and this covers performance on fitness tests, 
performances in training and the match officials’ physical match performances. 
Where possible, data should be reported over multiple seasons so that any 
longitudinal changes can be highlighted. 
 
 
6.4  FITNESS AND MATCH PERFORMANCE 
 
STUDY VI 
Weston, M., Castagna, C., Impellizzeri, F. & Helsen, W. (2009) Relationship 
among field-test measures and physical match performance in elite-standard 
soccer referees. Journal of Sports Sciences, 27 (11), 1177-84 
 
A limitation of study V was that it was not possible to report on the referees’ 
fitness levels as determined through regular fitness tests even though a clear 
decrement in physical match performance was observed. Study III had also 
reported on the referees’ match activities yet not placed them in context with the 
referees’ fitness levels. Therefore, in comparison to these studies, strength of 
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Study VI was that for the first time in this thesis referees’ fitness levels and 
physical match performances were examined together, with the study’s aim 
being to examine the validity of the referees’ fitness tests as a measure of match-
related fitness. 
 
Each close-season referees are required to pass a fitness test before they can take 
up appointments. Until recently referees were required to pass a battery of field-
based fitness tests, set by FIFA that included 2x50 m and 2x200 m sprints, 
followed by the 12-min Cooper test (Eissmann & D’Hooghe, 1996). However, 
research has illustrated that these tests are poor measures of a referee’s match-
related physical capacity. Castagna, Abt & D’Ottavio (2002) reported that the 
12-min run showed large and moderate correlations with high-intensity running 
and distance covered at maximal speeds (r=0.51 and r=0.32, respectively). 
However, from a practical perspective the strength of these correlations needs to 
be higher in order to support construct validity as Implellizzeri & Marcora (2009) 
stated that a correlation of larger than 0.70 between a new test and the reference 
measure is conventionally used as a benchmark for construct validity. No 
relationship was evident between the sprint tests with distance covered at high-
intensity running and sprinting (Castagna et al., 2002). 
 
To overcome this lack of fitness test validity, FIFA recently replaced these 
fitness tests with a new battery of field-based fitness tests, reported to be more of 
a measure of a referee’s match-related physical capacity (FIFA, 2008). The test 
battery involves an aerobic measure (a high-intensity 150m interval test) and a 
sprint / repeated-sprint measure (6x 40m sprints). FIFA established minimum 
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selection criteria in that should a referee attain these standards their fitness is 
deemed sufficient to be able to cope with match demands.  
 
The referees’ performances on the interval run, as determined by their heart rate 
response, demonstrated a large correlation (-0.70) with total distance covered 
during match. A large correlation was also observed between the referees’ 
interval run heart rate response and match high-intensity running (-0.57). In 
terms of the referees’ sprint performance, both the fastest and average 40m 
sprints demonstrated a very large correlation with match high-intensity running (-
0.76; -0.77) and also match sprinting distance (-0.75; -0.77). However, a field 
test cannot be considered sport-specific until a direct association between the 
most relevant aspects of physical match performance and the field test 
investigated has been determined (Castagna, Impellizzeri, Rampinini, D'Ottavio 
& Manzi, 2008). Therefore, it was concluded that with the current test protocol 
as it stands, only the 40m repeated-sprint test showed appropriate construct 
validity to be used as an assessment of a referees’ match-related physical 
capacity. 
 
The median-split technique was used in Study VI in an attempt to quantitatively 
demonstrate that those referees who performed best on the fitness tests produced 
the best physical match performances. Whilst these results supported the 
correlation analyses it is recommended that future studies avoid such an analysis 
technique as dichotomising continuous variables leads to a reduction in statistical 
power and also characterises individuals close to but on opposite sides of the 
cutpoint as being very different rather than very similar (Altman and Royston, 
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2006). Altman and Royston (2006) went on to recommend that instead of 
categorising continuous variables they should be kept continuous as then a linear 
regression could be used. 
 
Performance in most sports is the result of a blend of several factors and the 
sports scientist can, through physiological testing of the participants, analyse 
these factors and use the information to provide individual profiles of their 
respective strengths and weaknesses (Svensson & Drust, 2005). Despite the low 
validity, both logical and construct, of the interval run, FIFA still employ this 
fitness test, along with the repeated-sprint test as a referee selection criterion at 
the beginning of each season and also at major tournaments. Therefore, as it 
stands this protocol has to be carried out on all the Premier League referees prior 
to each season. 
 
Initially the FIFA fitness tests were also run during the season as an evaluation of 
the referees’ fitness levels and ultimately the effectiveness of the training 
programmes supplied by sports scientists as objective data are required on 
changes in performance over time to study the effectiveness of a training 
programme (Balsom, 1994). YYIR1 performance has been reported to be more 
closely related to the physical performance of top-class referees during a soccer 
match (Krustrup & Bangsbo, 2001), when compared to the FIFA interval run. 
Consequently, given the strength of the results presented by Krustrup & Bangsbo 
(2001) against the strength of those reported for the interval run in Study VI the 
YYIR1 is now used as the referees’ in-season fitness test. This practice is also 
reinforced by the observation that the YYIR1 is a valid in-season tool to test 
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football specific endurance (Castagna, Impellizzeri, Chamari, Carlomango & 
Rampinini, 2006; Krustrup et al., 2003) and Study III reported that the referees’ 
physical match performances are, in part, related to the physical performances of 
the players. 
 
It is recommended that given the strength of the results in Study VI if FIFA want 
their fitness tests to accurately reflect a match official’s match-related physical 
capacity then the use of the YYIR1 should be considered. This test should be 
performed alongside a repeated-sprint test that has a protocol more in-line with 
previously validated tests such as Impellizzeri et al. (2008). Furthermore, since 
all the referees in Study VI reached the minimum level set by FIFA to officiate at 
international level, yet produced wide-ranging physical match performances, the 
ability of the current FIFA tests for the selection of referees based on physical 
performance should be further investigated by purposely made studies. For 
example, if the aim of a test is to select athletes, it should be able to discriminate 
individuals of different competitive levels (Implellizzeri & Marcora, 2009). Yet 
to account for different standards of refereeing (national vs. international), FIFA 
modified the test procedures by setting a slower minimum standard on the 
repeated-sprint test (6.2 seconds) and an increased recovery interval duration on 
the interval run (40 seconds) for national standard referees. Whilst this approach 
may be commended given that the intensity of match play in referees was 
demonstrated in Study II to increase with an increase in competition standard, the 
discriminate ability of these tests to distinguish between different competitive 
levels has clearly not been addressed by FIFA. Methods such as the receiver 
operator characteristics (ROC) curve can be used to validate the discriminant 
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ability of a performance test (Implellizzeri & Marcora, 2009). However, such a 
method requires the setting of a criterion score and the setting of a FIFA 
minimum standard would still require empirical validation, which raises the issue 
of how much total distance, high-intensity running and sprinting should be used 
as the reference measure as being ‘fit for purpose’. 
 
Consequently, further research is needed to establish a criterion distance for total 
distance, high-intensity running and sprinting that would enable referees to 
adequately meet the physical demands of their matches. This could be achieved 
via a series of comparisons between physical match performances against 
technical performances. For example, national and international refereeing 
bodies have criteria established for technical marks (awarded by a match 
assessor) and the referees’ physical match performances could then be compared 
against these scores. However, the marks awarded by the assessor are likely to be 
affected by intra- and inter-observer variability. 
 
The high match-to-match variability that has been observed in referees’ and 
players’ physical match performances raises another potential problem 
concerning the setting of a criterion-related fitness test minimum standard. 
Recent data analysis has shown between-subject coefficients of variation for total 
distance, high-intensity running and sprinting of 3.6%, 14.2% and 31.9%, 
respectively for Premier League players on a total of 237 matches during the 
2008/09 English football season. These values were significantly higher for the 
referees (6.4%, 35.4% and 87.9%), thus demonstrating a more heterogeneous 
group. Such variability has serious implications for sample size estimation and 
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may ultimately suggest that previous studies examining referee physical match 
performance pre- and post-intervention may be underpowered. For example, 
using a nomogram to estimate the effects of measurement repeatability error 
Batterham & Atkinson (2005) reported that to detect a meaningful difference of 
10% using a measure with a coefficient of variation of 30% would require a 
sample size of approximately 200 games. Whereas, when examining the impact 
of intense intermittent exercise training on physical match performance in a 
group of elite-level soccer referees Krustrup & Bangsbo (2001) examined only 
eight referees on one competitive game each post intervention. Therefore, further 
work is required to fully determine the extent of match-to-match variability of 
physical match performance variables in soccer referees and also the factors that 
may impact upon this variability that is, experience, age, standard of competition, 
time of season. 
 
One final issue regarding the use of a minimum standard on referees’ fitness tests 
is that this may lead to referees not producing maximal performances, in that 
once the standard has been achieved they withdraw from the test. This may be of 
particular concern when fitness tests are undertaken during the season and the 
referee’s focus is on match preparation and not a maximal fitness test. This 
problem may be unavoidable given that the referees are not monitored in training 
on a daily basis as per professional players, and whilst heart rates and ratings of 
perceived exertion scores do provide valuable information as to the referees’ 
intensity of training they do not reflect the external loads placed on the referees 
(i.e., distances covered and at what speeds, unless track or treadmill running is 
performed). 
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More recently global positioning satellite (GPS) systems have been used to 
assess the physical demands of team sports during competition and training 
(Edgecomb & Norton, 2006). GPS units are now commercially available and 
some of the devices incorporate heart rate telemetry and accelerometers, both of 
which can provide additional measures of physiological strain and training load 
(Macleod, Morris, Nevill & Sunderland, 2009). Therefore, it may be that the use 
of these devices during training and also matches would enable the referees’ 
external and internal loads to be analysed in more detail, which in turn would 
enable more individual specific training loads and recovery protocols to be 
developed. 
 
 
In conclusion, this programme of work examined some of the contemporary 
issues regarding the applied physiology of soccer refereeing. Each study 
attempted to use an appropriate design that best matched research method to 
problem. In doing this the programme of work did not remain at a fixed point on 
the basic-applied research continuum but shifted with the experimental need of 
each individual study. Therefore, it is hoped that the studies constituting this PhD 
submission demonstrate it is possible to exist somewhere within a ‘middle 
ground’ bearing in mind that the strengths of one type of research are the 
weaknesses of the other and vice versa.  
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